Humus content is one of the most important factor determining the productivity of soil because of multiples effects of humic substances such as release of plant nutrients, improvement of soil physical and biological conditions, and increasing the efficiency of fertilizer [1, 2] . This last effect have been largely attributed to the ability of humic substances to control the solubility and biodisponibility of several chemical element via complexation process [3, 4] . In calcareous soils, calcium is a reactive and ubiquitously concentrated cation witch can decrease the biodisponibility of several micronutrients (e.g. Fe ++ , Zn ++ , Cu ++ ) as well as main nutrients (P) through the formation of insoluble calcium phosphates. Thus, calcium complexation by humic matter can play a decisive effect on phosphorus dynamic by increasing apatite solubilization [5, 6] and limiting phosphorus sorption and fixation [7, 8] . It is also found that calcium complexing power of humic substances is well correlated with improved phosphate nutrition in calcareous soils [9] . Such improvement is however still difficult to interpret since humic substances can increase phosphorus solubility also as a result of competitive adsorption on phosphorus fixation sites [10] . Further, positive effect of calcium complexation on phosphorus seems to be dependent on soil pH [11] . To give a deeper insight about such effect the investigation reported here is a preliminary study to characterize the complexation of calcium by humic substances using potentiometric and conductimetric titration.
Introduction
Humus content is one of the most important factor determining the productivity of soil because of multiples effects of humic substances such as release of plant nutrients, improvement of soil physical and biological conditions, and increasing the efficiency of fertilizer [1, 2] . This last effect have been largely attributed to the ability of humic substances to control the solubility and biodisponibility of several chemical element via complexation process [3, 4] . In calcareous soils, calcium is a reactive and ubiquitously concentrated cation witch can decrease the biodisponibility of several micronutrients (e.g. Fe ++ , Zn ++ , Cu ++ ) as well as main nutrients (P) through the formation of insoluble calcium phosphates. Thus, calcium complexation by humic matter can play a decisive effect on phosphorus dynamic by increasing apatite solubilization [5, 6] and limiting phosphorus sorption and fixation [7, 8] . It is also found that calcium complexing power of humic substances is well correlated with improved phosphate nutrition in calcareous soils [9] . Such improvement is however still difficult to interpret since humic substances can increase phosphorus solubility also as a result of competitive adsorption on phosphorus fixation sites [10] . Further, positive effect of calcium complexation on phosphorus seems to be dependent on soil pH [11] . To give a deeper insight about such effect the investigation reported here is a preliminary study to characterize the complexation of calcium by humic substances using potentiometric and conductimetric titration.
Materials and methods

Preparation of humic and fulvic acids
Humic matter was extracted from composted farmyard manure using KOH 0.1N (1/50: W/V) by agitation at 400 t/min, for 16 H. After centrifugation for 30 min at 12 000 t/min, the supernatant was carefully recovered, filtered through 0.45 µm membrane and then adjusted to pH 2 by HCl 1N. The solution obtained was allowed to coagulate for 24 H at 4 °C then it was centrifuged as above. Fulvic acid (FA) was recovered directly and humic acid (HA) was washed twice with deionised water and then dissolved in NaOH 0.01N. Excess cation were eliminated by repeated dialysis using a Spectra Port type C MWCO 100 membrane. Humic and fulvic solutions were then brought to one liter with deionised water. Final pH were 7.8 and 3.7, for humic and fulvic acid respectively. Humic matter content was determined by oxidation with KMnO 4 0.1 N.
Calcium complexation
Citric acid was chosen as reference because his reaction with calcium is well known. Titration was performed with 100 mL of citric acid 0.25 mM, humic acid (25 mg/L) and fulvic acid (25 mg/L) initially adjusted to pH 3.5 with HCl 0.1N. Each acid was then neutralized stepwise using NaOH and Ca(OH) 2 at 0.040 N under N 2 bubbling. Titration speed of 50 µL /30 seconds was chosen so that the pH and the conductivity becomes stable after each increment of base added. The end of titration is indicated by a sharp increase of conductivity due to execess of OH -ion. Calcium complexation was also monitored at constant pH over a wide range of pH values: 4.5 to 9.5. Samples of 25 mg humic acid or fulvic acid were adjusted to a starting pH and brought to a volume of 100 mL. For each pH studied, calcium was added by increments of 50 µL of CaCl 2 0.2N using Eppendorf pipette while the pH was kept constant during titration by an automatic addition of Ca(OH) 2 . The end of titration is indicated by a change in the slope of conductimetric curve witch becomes parallel to conductimetric curve of deionised water used as control.
For all titrations and complexation experiments a titrator Mettler DL 21 was used. Its vessel is equipped with four ports: a pH combination electrode, a conductivimeter electrode, a N 2 bubbling tube and a port which could be opened for addition of reagents (CaCl 2 in calcium complexation). The conductivimeter used was a Mettler YSI 32. Agitation was controled by the titrator.
Results and discussion
Potentiometric and conductimetric titration
For citric acid, conductimetric and potentiometric variations were similar up to pH 4.5. They were determined by the neutralization of H + and its replacement by Na + or Ca ++ of low equivalent conductivity (Fig. 1) . From pH 4.5 the complexation of calcium by citric acid is shown by a release of H + as increase of pH was slowed compared to that of NaOH titration. The absence of any conductivity increase in the case of Ca(OH) 2 titration suggests that added calcium was complexed. Further, a slight steady decrease of conductivity was observed around pH 4.8 and 6.2. It could be attributed to dissociation and neutralization of the first and the second COOH functional groups of citric acid, respectively. Beyond pH 9 (D') the sharp increase in conductivity is due to OH -excess as complexation and neutralization were completed. The amount of NaOH and Ca(OH) 2 consumed by citric acid at the end of neutralization are equal (D and D'): 80 µeq H + . Total acidity of citric acid solution used is 75 µeq H + . This difference could be attributed to the error in determining the end point. Titration of HA and FA are shown on the same figure. The bevaviour of those acids is close to that of citric acid. Until pH 4.5, potentiometric and conductimetric variations are the same with the two bases. They suggest the absence of calcium complexation. However, as titration progresses differences appear as there was a release of protons in the case of Ca(OH) 2 titration. Also, the conductivity increases only slightly with comparison to NaOH titration. This suggest that a part of added calcium was complexed. Similar results were obtained by Arai and Kumada [12] and Brun et al. [13] . Beyond pH 10.5 (D') the complexation becomes negligible and there is a sharp increase in conductivity. For NaOH titration the fast increase of conductivity was unregistered at pH 10 (D). It is equivalent to the end of titration. The amount of Ca(OH) 2 consumed was superior to that of NaOH (point D' via D). Hence, complexation of calcium by humic and fulvic acids should release some acids. According to Aplincourt et al. [14] , Piccolo and Stevenson [15] and Khalili [16] , complexation of calcium with humic substances induce some structural modifications which could bring about some new functional groups and consequently an additional acidity. This hypothesis agrees with our finding. Total acidity based on the amount of Ca(OH) 2 
pH-Stat-Complexation
Results of calcium complexation at fixed pH for humic and fulvic acid are shown in figures 2 and 3, respectively. Except for pH 4.5 all curves show a first region where conductivity increases slightly and a second region where conductivity variations are equal to those of deionised water which suggest that complexation has been completed. Release of protons was also limited to the first region. The amount of calcium complexed and protons released are given by table I. Values obtained reflect pH dependency of calcium complexation by humic and fulvic acid: complexation was negligible at pH 4.5 but it increases as pH increases. Similar results were found by others authors [5, 17, 18] . The amount of released protons decreases as pH increases. The highest amount found was 0.56 mole H + / mole of calcium and it is however less than the theoretical value of 2 moles H + for each mole of calcium complexed. So, complexation of calcium by humic and fulvic acid should involve mainly strong acidic groups. The existence of such functional groups was confirmed by the first derivative of potentiometric curve obtained with NaOH for humic and fulvic acid (Fig. 4) . In fact, the first pKa is around 4 (pKa1). It corresponds to strong COOH groups. The second pKa around 6.2 is attributed to week COOH groups. A possible OH phenolic groups is however not clearly present here as it is difficult to found by direct titration.
For fulvic acid the shape of curve suggests the existence of several functional groups with close pKa.
In all case, for the range of pH studied, the protons released are attributed to dissociation of week COOH and to very week COOH and phenolic OH groups. Further, strong acidic COOH should be quantitatively the most important but, as results shows, formation of Ca-humic and Ca-fulvic complex are not possible at acidic pH probably due to higher competitively of H + compared to that of Ca ++ for dissociated COO - [19] . Stability of calcium humate and calcium fulvate at higher pH is also still difficult to interpret. It is believed that configuration changes in HA and FA occurs at basic pH and allows stability of the complexes formed between humic acid, fulvic acid and bivalent cations [14] . Humic acid a 99 ± 6 127 ± 6 145 ± 6 165 ± 6 175 ± 6 b 0.52 ± 0.04 0.52 ± 0.03 0.42 ± 0.01 0.36 ± 0.01 0.27 ± 0.01
Fulvic acid a 85 ± 6 131 ± 6 140 ± 6 168 ± 6 178 ± 6 b 0.52 ± 0.04 0.41 ± 0.02 0.33 ± 0.02 0.23 ± 0.01 0.29 ± 0.01 
Conclusion
Potentiometric and conductimetric titrations provides an acceptable and easy method to study calcium complexation by humic matter. Results found gives evidences for Cahumic and Ca-fulvic complex formation at different pH: slightly acid, neutral and basic pH. Both strong acidic COOH and week COOH are involved in the formation of such complexes. The stability of the complexes is pH dependent. It deserve further interest as the mechanisms involved are still limited to hypothesis. 
Dossierr Humic substances
Introduction
The sludges, activated and then digested anaerobically, are essentially composed of insoluble humic acids. These acids contain phenol and benzenecarboxylic acid functions [1, 2] . It is generally considered that the aromatic rings are polymerized and linked, either directly, or via intermediate aliphatic chains [3] . The average molecular weight varies from 10 000 to 300 000 daltons [4] . In general, the carboxylic and phenol functions are able to exchange ions with the surrounding solution. It is thus interesting to study the ion exchange properties of these sludges from sewage treatment plants, after decantation and filtration [5] .
Experimental techniques
The study was carried out on sludges from the outlet of the belt filter of the sewage treatment plant of Montpellier at la Céreirède. These activated sludges, from the outlet of the decanter, are treated in an anaerobic digester. They are thus sludges which have been activated, digested and filtered. The exchange kinetics were first studied in order to determine the time necessary to reach equilibrium under the experimental conditions, and the exchange capacities and constants were then determined.
The digested sludges, from the outlet of the belt filter, were homogenized and ground in a mixer, washed in deionized water, then filtered through paper. To determine the exchange capacities, the sludges were titrated with sodium hydroxide, after addition of an excess of strong acid so that all the exchange functions were in acid form. The automatic titrations lasted several hours, to ensure that the equilibria were reached.
For each operation, two identical samples of sludge were taken; one was used for the determination, the other was dried in an oven at 105 °C for 24 hours, then weighed to determine the quantity of dry matter. The constants were then evaluated with reference to the quantity of dry matter of the sludge. The complexation constants with calcium and barium ions were determined by acid-base titration in the presence of an excess of Ca 2+ and Ba 2+ ions respectively. The titration curves were obtained with a "TitraLab" Tacussel. TIM 800 apparatus. The products used were Prolabo RP reagents.
Results
The times necessary to reach equilibrium were determined by following the changes in a solution containing metal ions Digested sludges from sewage treatment plants behave as ion exchangers of the weak acid type. The apparent pK values of the carboxylic and phenol functions, determined by titration, were respectively 6.03 ± 0.12 and 8.76 ± 0.25. These sludges also fixed metal cations and in particular calcium and barium ions. The phenol functions gave the most stable complexes.
